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Background: While radiation-based therapies are effective for treating numerous malignancies, such treat-

ments can also induce osteoporosis.

Purpose: We assessed the antiosteoporotic properties of total saponins extracted from the leaves of Panax

notoginseng (LPNS) in a mouse model of radiation-induced osteoporosis and in vitro.

Study design/methods: The bone mineral densities, the marker of bone formation and resorption, and inflam-

matory factors were measured in vivo. Cell proliferation and differentiation were detected in vitro.

Results: The results showed that bone mineral densities in irradiated mice administered LPNS were signif-

icantly increased compared to those in irradiated mice which had not received LPNS. LPNS attenuated the

inflammation caused by irradiation, and significantly increased blood serum AKP activity, the mRNA levels

of RUNX2 and osteoprotegerin, and the numbers of CFU-Fs formed by bone marrow cells collected from ir-

radiated mice. In contrast, LPNS decreased the numbers of osteoclast precursor cells (CD117+/RANKL+ cells

and CD71+/CD115+ cells) and the mRNA levels of TRAP and ATP6i. These results suggest that LPNS functions

as a negative regulator of bone resorption. In vitro assays showed that LPNS promoted the differentiation of

bone marrow mesenchymal stem cells and mononuclear cells into osteoblasts and osteoclasts, respectively,

but had no effect on osteoclast activation.

Conclusion: These results demonstrate that LPNS has significant antiosteoporotic activity, which may warrant

further investigations concerning its therapeutic effects in treating radiation-induced osteoporosis.

© 2015 Elsevier GmbH. All rights reserved.
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While radiotherapy is frequently used in cancer treatment, accu-

ulated evidence indicates that radiation can also damage normal

issues (Zhao et al., 2009). Among various radiation-related complica-

ions, skeletal fractures are particularly compelling due to their high

ncidence and serious impact on a patient’s quality of life (Williams

nd Davies, 2006). Moreover, overall fracture rates among breast can-

er patients undergoing radiotherapy range from 1.8% to 19% (Pierce

t al., 1992). Animal studies have shown that exposure to ionizing

adiation appears to stimulate bone loss as an acute response, with

arly trabecular bone loss occurring during the first week of radiation

Willey et al., 2010). Lane et al. (2006), reported that patients with

adiation-induced fractures had decreased levels of bone density,

nd a further study reported impaired bone formation and decreased

steoblast proliferation and differentiation following radiotherapy.
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dditionally, increased numbers of osteoclasts have been detected

ithin the proximal tibial metaphysis after exposure to radiation;

mplying the involvement of osteoclasts (Willey et al., 2010). As os-

eoporosis typically reflects an imbalance between bone resorption

nd formation, current therapies and agents used for treating osteo-

orosis either inhibit bone resorption or stimulate bone formation,

nd also stimulate the recovery of bone mass and bone metabolism.

erbal drugs and their extracts have recently received great attention

ue to their potential inhibitory effects on the radiation-induced

steoporosis. The plant Panax notoginseng (Burk.) F.H. Chen belongs

o the family Araliaceae, and since ancient times has been widely

sed in traditional Chinese herbal medicine to promote bone healing

ollowing a fracture (Qiang et al., 2010). P. notoginseng saponins (PNS)

re pharmacologically active molecules which have been shown

o improve bone strength and trabecular microarchitecture, and

romote bone mineral density in ovariectomized rats (Shen et al.,

014). Additionally, the balance between osteogenic differentiation

nd adipogenic differentiation in BMSCs has been shown to play an

mportant role in osteoporosis (Moerman et al., 2004), and PNS have

een shown to increase the proliferation of bone marrow stem cells

BMSCs) (Li et al., 2011). Such findings suggest potential therapeutic

http://dx.doi.org/10.1016/j.phymed.2015.05.056
http://www.ScienceDirect.com
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uses for PNS in conditions such as bone nonunion, osteoporosis,

and osteonecrosis (Li et al., 2011). However, the effects of PNS

on radiation-induced osteoporosis and their mechanism of action

remain unclear. Furthermore, previous studies investigating the ther-

apeutic effects of P. notoginseng have focused on the saponins found

in its roots, and the pharmacological effects of saponins derived from

other parts of the plant such as the leaves have not been studied.

We conducted this study to examine the effects of total saponins

derived from the leaves of P. notoginseng (LPNS) in a mouse model

of radiation-induced osteoporosis. We also investigated the effects

of LPNS on the differentiation and activation of osteoblasts and

osteoclasts in vitro with the goal of understanding their mechanism

of action.

Material and methods

Preparation of LPNS

Total saponins derived from the leaves of P. notoginseng, and which

satisfied criteria in the Pharmacopoeia of the People’s Republic of

China 2010 were purchased from Wen Shan (Kunming, China). Nine

substances used as chemical standards (ginsenoside Rg1, Rb1, Rc, Rb2,

Rb3, 20(S)-F1, Rd, 20(S)-F2 and 20(S)-Rg3) were purchased from the

National Institute for Pharmaceutical and Biological Products (Bei-

jing, China). A fingerprint analysis of the LPNS preparation was per-

formed as described by Ningna et al., (2014). The LPNS fingerprints

(Fig. S1) were characterized by two dominant peaks of ginsenoside Rc

(peak 3) and ginsenoside Rb3 (peak 5), with much lower contents of

ginsenoside Rg1 (peak 1), ginsenoside Rb1 (peak 2), ginsenoside Rb2

(peak 4), ginsenoside 20(S)-F1 (peak 6), ginsenoside Rd (peak 7), gin-

senoside 20(S)-F2 (peak 8) and ginsenoside 20(S)-Rg3 (peak 9). The

other peaks were also identified by using mass spectrometry (data

not shown). It was found that peak a, d, e, f and g were diol saponins,

and peak b was triol saponins. Therefore, the total saponins in the

extracts were 79.22%. The relative contents of these compounds in

LPNS were calculated as the peak area of each compound relative to

the total peak area, respectively (Table S1). The animal studies were

conducted using LPNS dissolved in distilled water.

Establishment of a radiation-induced osteoporosis mouse model

Male BALB/c wild type mice were purchased from the Institutional

Animal Center (Shanghai, China). All animal studies were conducted

in compliance with guidelines published by the Institutional Ani-

mal Care and Use Committee of Zhejiang Chinese Medical University,

China. Food and water were available ad libitum.

Irradiation studies were performed using the protocol described

by Hamilton et al., 2006. Briefly, 50 mice were randomized to five

groups (n = 10 mice per group). Groups 1–4 groups received whole

body irradiation with 60-Cobalt gamma rays (Zhejiang Academy of

Agricultural Science, Hangzhou, China) administered at a rate of

1.0 Gy/min for 8 min (sublethal doses). The mice in group 5 were not

irradiated. Three days after irradiation, mice in each of the four ir-

radiated groups were orally administered a solution containing LPNS

(either 0, 50, 100 or 200 mg/kg.day, respectively) dissolved in distilled

water for 15 consecutive days. The non-irradiated mice received dis-

tilled water without LPNS.

Following the last administration of distilled water or LPNS solu-

tion, the mice were anesthetized with chloral hydrate (300 mg/kg,

i.p.) (Sinopharm®, Beijing, China) and blood samples were with-

drawn from the femoral artery. The blood samples were allowed to

clot and then centrifuged at 3000 g for 10 min to the isolate serum

fractions. Samples of bone marrow for use in FACS analyses were col-

lected in heparin coated anticoagulant tubes. The bilateral femurs of

each mouse were dissected, and the cells were used for conducted

CFU-F assays and real-time reverse transcription-PCR studies.
etection of bone mineral density

Mice were scanned using quantitative micro-computed X-ray to-

ography as described by Rana et al. (2012). Next, data obtained from

tudies of the bilateral femurs were used for determination of bone

ineral densities using Scanco evaluation software (Scano Medical,

witzerland).

ibroblast colony-forming unit (CFU-F) assays

Bone marrow cells were collected from the bilateral femurs of

ice, and used in conducting CFU-F assays as previously described

y Yin et al., (2013). Briefly, 106 cells were cultured for 7 days. The

ells were stained with Giemsa stain, and the colony forming units

ere counted under a microscope. A CFU-F was defined as a mass

roduced by ≥ 50 fibroblasts.

lkaline phosphatase (AKP) activity assay

The activities of alkaline phosphatase (AKP) from mouse sera

r BMSCs were both analyzed by using commercial kits (Nanjing

iancheng Biological Product, Nanjing, China). Levels of alkaline phos-

hatase (AKP) in mouse sera were determined using an automatic an-

lyzer (Beckman-Coulter CX-7; Beckman-Coulter; Brea, CA, USA). The

KP activities of cells formed from BMSCs following treatment with

PNS (0, 50, 100 or 200 mg/l) for 3 days were assessed as previously

escribed (Li et al., 2011).

ell culture and differentiation

Bone marrow mesenchymal stem cells (BMSCs) were isolated us-

ng the protocol of Yin et al, (2013), and bone marrow mononuclear

ells (BMNCs) were isolated as described by Zeng et al., (2006). For

he differentiation of BMSCs into osteoblasts, BMSCs were cultured at

density of 1 × 104 cells/cm2 in osteogenic induction medium (Cya-

en Biosciences; Santa Clara, CA, USA) and simultaneously treated

ith LPNS at concentrations of 0, 50, 100 or 200 mg/l. Biological char-

cteristics of the cells were then examined using MTT assays, AKP

ctivity assays, Alizarin Red S staining, and western-blotting, respec-

ively.

For differentiation of BMNCs into osteoclasts, BMNCs were

ultured for 7 days in medium containing macrophage colony-

timulating factor (M-CSF; 10 ng/ml), RANKL (50 ng/ml) (Reprotech;

ocky Hill, NJ, USA), and LPNS (0, 50, 100 or 200 mg/l). The cells

ere then harvested for FACS analysis, TRAP staining, determina-

ion of bone resorption activity, and analysis by real-time reverse

ranscription-PCR, respectively.

TT assay

BMSCs were induced to differentiate into osteoblasts (see above)

y treatment with LPNS (0, 50, 100 or 200 mg/l) for 24 h, 48 h, or 72 h,

espectively. Next, cell viability was assayed as described (Li et al.,

011).

lizarin Red S staining

BMSCs were induced to differentiate into osteoblasts (see above)

y 7 days of treatment with LPNS (0, 50, 100 or 200 mg/l). Mineral-

zation in the induced osteoblasts was determined by Alizarin Red S

taining as previously described (Li et al., 2011). The mineral nodes

ere detected by microscopic examination.
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Table 1

Primers used in study.

Gene Forward (5′-3′) Reverse (5′-3′)

Runx2 TTTAGGGCGCATTCCTCATC TGTCCTTGTGGATTAAAAGGACTTG

TRAP GGCTACTTGCGGTTTCACTAT CCTTGGGAGGCTGGTCT

OPG GTGGTGCAAGCTGGAACCCCAG AGGCCCTTCAAGGTGTCTTGGTC

Atp6i ATGTTCCGGAGTGAAGAGGTG TCCTGGATGCGCAGCAGFIGGTC

Fig. 1. Effects of LPNS on bone mineral density in radiation-induced osteoporosis mice

model. Values are means ± SEM (n = 10). ∗∗ , p < 0.01; ∗ , p < 0.05; compared with the

group of 0 mg/kg.day.
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estern blotting

Aliquots of osteoblasts (∼106) which had differentiated from

MSCs by treatment with LPNS (0, 50, 100 or 200 mg/l) for 7 days

ere collected. The protein levels of RUNX and OPG were determined

y western blotting as described before (Li et al., 2011). The staining

ntensities of the protein bands were measured, quantified, and nor-

alized against staining of beta-actin using Quantity One software

Bio-Rad Laboratories; Hercules, CA, USA). The primary antibodies for

UNX, OPG, and beta-actin (the species-reactivities of these antibod-

es are both mouse, and the catalog numbers are sc-8564, sc-8468

nd sc-47778, respectively) were purchased from Santa Cruz Biotech-

ology; Santa Cruz, CA, USA and diluted 1:1000.

low cytometry analysis

Cells were washed twice by phosphate buffered solution (PBS) and

hen incubated with either isotypic control or monoclonal antibodies

gainst PE-CD45, FITC-CD71, FITC-CD117, APC-CD115, and APC-RANKL

receptor activator of nuclear factor κB ligand) for 30 min on ice in

he dark, respectively. The incubated cells were then washed twice

ith cold Hank’s Balanced Salt Solution (HBSS) and analyzed by flow

ytometry. The antibodies used for flow cytometry were purchased

rom eBioscience (San Diego, CA, USA).

Levels of cytokines IL-2, IL-4, IL-6, INFγ , TNFα, IL-17, and IL-10

n the serum of mouse were detected by using BD Cytometric Bead

rray (CBA) Mouse Th1/Th2/Th17 Cytokine Kit (BD Biosciences, San

ose, CA, USA) according to the manufacturer’s instruction (Catalog

umber: 560485), as described previously (Perl et al., 2005). Briefly,

0 μl of mouse inflammation capture bead suspension and 50 μl of

he Mouse Th1/Th2/Th17 PE detection reagent mixed with 50 μl of

ample or standard dilutions and incubated for 2 h at room temper-

ture in the dark. The data were analyzed on a FCAP Array software

BD Biosciences, San Jose, CA, USA) according to the manufacturer’s

nstruction.

artrate-resistant acid phosphatase (TRAP) staining

TRAP staining was conducted using a commercially available

taining kit (Sigma-Aldrich, St. Louis, Mo, USA). Briefly, after removing

he culture medium and washing one time with 100 μl of PBS, 50 μl

f 10% formalin neutral buffer solution was added to each well of the

ulture dish and let stand for 5 min at room temperature. Next, the

ells were washed 3 times and the residual contents were reacted

ith 1 vial of chromogenic substrate mixed with 5 ml of tartrate-

ontaining buffer. Next, 50 μl of chromogenic substrate was added

o each well, and the osteoclasts were observed under a microscope

Rana et al., 2012).

ssessment of bone resorption activity of osteoclasts

Aliquots of osteoblasts (∼102) which had differentiated from BM-

Cs by treatment with LPNS (0, 50, 100 or 200 mg/l) for 7 days were

ayered onto cortical bone slices (Nordic Bioscience, Denmark) and

o-culturing for 48 h. The slices were then fixed with glutaralde-

yde, stained with toluidine blue, and areas showing bone resorption

ere identified by microscopy. The areas showing bone resorption

ere analyzed using Image Pro-Plus software (Media Cybernetics;

ockville, MD, USA).

NA preparation and real-time reverse transcription-PCR

Total RNA was isolated using TRIzol® LS Reagent (Invitrogen Corp.,

arlsbad, CA, USA) according to the manufacturer’s instructions (Jiang

t al., 2014). The Ct (cycle threshold) values were normalized to the

xpression levels of β-actin. The primers used in this study are shown

n Table 1.
tatistical analysis

All data are expressed as the mean ± standard error of the mean

SEM) and were analyzed using the t-test or one-way analysis of vari-

nce (ANOVA). The non-parametric single sample Wilcoxon test was

sed for analysis of qRT-PCR results. P-values < 0.05 were considered

tatistically significant (∗P < 0.05, ∗∗P < 0.01). All experiments were

erformed a minimum of three times.

esults

PNS suppressed radiation-induced osteoporosis in vivo

Our results showed that the mean value for bone mineral den-

ity (BMD) in irradiated mice was 85.7% lower compared to that in

on-irradiated mice (0.35 ± 0.10 versus 2.45 ± 0.30 g/cm3; P < 0.01;

ig. 1). However, after 15 days of dosing with LPNS (50, 100 or

00 mg/kg.day) the mean values for bone mineral density in these

hree groups of irradiated mice increased by 80.4% (P < 0.05), 85.4%

P < 0.01) and 81.5% (P < 0.05), respectively, when compared with the

one density in irradiated mice which had not received LPNS (Fig. 1).

one formation was accelerated by LPNS in vivo

When compared with the non-irradiated mice, irradiated mice

howed significantly decreased numbers of CFU-Fs (P < 0.01; Fig. 2A)

nd serum levels of AKP (P < 0.01; Fig. 2B). Furthermore, the mRNA

evels for osteoprotegerin and RUNX2 in the bone marrows from irra-

iated mice were significantly lower than those in the non-irradiated

ice (both P-values < 0.05; Fig. 2C). However, irradiated mice which

ad received oral LPNS at a dose of 100 mg/kg.day showed increases

n their numbers of CFU-Fs (8.33 ± 2.11 versus 1.67 ± 0.08, P < 0.01;

ig. 2A), serum AKP levels (2103.27 ± 181.90 versus 1212.67 ± 142.03,

< 0.01; Fig. 2B), and mRNA levels for osteoprotegerin and RUNX2
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Fig. 2. Effects of LPNS on the bone formation in radiation-induced osteoporosis mice

model. (A) The numbers of CFU-Fs. (B) The levels of serum AKP. (C) The mRNA levels

of OPG and RUNX2. Values are means ± SEM (n = 10). ∗∗ , p < 0.01; compared with the

group of 0 mg/kg.day.

Table 2

Levels of inflammatory factors.

Non-irradiated Irradiated Irradiated

+ LPNS(0 mg/kg.day) + LPNS(100 mg/kg.day)

IFN-γ 8.48 ± 2.43 15.69 ± 6.87 10.30 ± 3.64∗

TNF-α 21.79 ± 4.01 62.99 ± 16.41 28.74 ± 13.22∗∗

IL-6 7.44 ± 2.10 14.77 ± 4.99 9.89 ± 3.47∗∗

IL-17 5.79 ± 0.28 8.02 ± 0.50 4.91 ± 0.56∗∗

IL-10 29.60 ± 4.46 14.19 ± 4.77 37.04 ± 7.81∗

IL-4 4.51 ± 0.39 3.12 ± 0.66 4.16 ± 1.28

IL-2 5.14 ± 0.72 5.62 ± 0.87 4.81 ± 1.09

Effects of LPNS on the inflammation factors in radiation-induced osteoporosis mice

model. Values are means ± SEM (n = 10).
∗ P < 0.05.
∗∗ P < 0.01; compared with the group of 0 mg/kg.day.
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(P < 0.01, respectively; Fig. 2C) when compared to mice which had

not received LPNS.

Bone resorption was suppressed by LPNS in vivo

When compared to non-irradiated mice, the irradiated mice

showed significantly fewer numbers of CD117+ cells (P < 0.01; Fig. 3).

In contrast, the numbers of CD117+/RANKL+ cells and CD71+/CD115+

cells were significantly increased in the irradiated mice (P < 0.05

and P < 0.01, respectively) (Fig. 3), and the mRNA levels for TRAP

and ATP6i were also increased (both P-values < 0.01; Fig. 4). When

compared with the irradiated mice which had not received LPNS, the

numbers of CD117+ cells were significantly higher (1.31 ± 0.65 versus

5.42 ± 0.33, P < 0.01; Fig. 3) but the numbers of CD117+/RANKL+ cells

and CD71+/CD115+ cells were significantly lower in irradiated mice

which had received LPNS (37.70 ± 8.1 versus 14.48 ± 5.3; P < 0.05)

and (2.20 ± 0.34 versus 0.44 ± 0.11; P < 0.05), respectively (Fig. 3).

The mRNA levels for TRAP and ATP6i were also significantly de-

creased by LPNS treatment (both P-values < 0.05; Fig. 4).

Inflammation was weakened by LPNS in vivo

The data showed that LPNS decreased the levels of IFN-γ , TNF-

α, IL-6, and IL-17 which had been previously significantly increased

by irradiation (P < 0.05, P < 0.01, P < 0.01, P < 0.01, respectively;

Table 2). Moreover, LPNS increased the levels of IL-10 (P < 0.05, Table

2), but showed no effects on IL-4 and IL-2 in the irradiated mice when

compared with IL-4 and IL-2 levels in irradiated mice which had not

received LPNS (Table 2).

LPNS promoted differentiation of BMSCs into osteoblasts in vitro

BMSCs were cultured in osteogenic induction medium and simul-

taneously treated with various concentrations of LPNS (0, 50, 100, and
00 mg/l). Compared to cells cultured without LPNS, cells cultured

ith 50, 100 or 200 mg/l LPNS demonstrated increased proliferation

Fig. 5A), increased AKP activities (P < 0.05, P < 0.01, P < 0.01, re-

pectively; Fig. 5B), increased levels of both RUNX2 protein (P < 0.05,

< 0.01, P < 0.01, respectively; Fig. 6A and B) and OPG protein

(P < 0.05, P < 0.01, P < 0.05, respectively; Fig. 6A and B), as well as

increased calcium nodule formation (Fig. 5C).

PNS promoted differentiation of BMNCs into osteoclasts precursor cells

ut had no effect on activation of osteoclasts in vitro

Following treatment of BMNCs with the medium contain-

ng M-CSF(10 ng/ml), RANKL (50 ng/ml) and LPNS (50, 100 or

00 mg/l), flow cytometry analyses showed increased numbers of

D45+/CD71+/CD115+ cells (P < 0.05, P < 0.01, P < 0.01, respectively;

ig. 7), while such increases were not seen in BMNCs cultured with-

ut LPNS. But LPNS did not affect the levels of TRAP and ATP6i (data

ot shown), the staining of TRAP (Fig. 8A) or bone resorption activity

Fig. 8B) in differentiated osteoclasts.

iscussion

P. notoginseng has been used since ancient times to treat bone

ractures in China, and P. notoginseng saponins (PNS) are the ma-

or pharmacologically active constituents of P. notoginseng. PNS have

een shown to suppress ovariectomy-induced decreases in bone min-

ral density, bone mechanical strength, and bone microarchitectural

tructure without having a hyperplastic effect on the uterus (Shen

t al., 2010). PNS were also shown to protect rabbit bone marrow stro-

al cells from oxidative stress-induced damage and apoptosis (Qiang

t al., 2010). However, the effects of total saponins found in the leaves

f P. notoginseng (LPNS) on radiation-induced osteoporosis and its in-

rinsic mechanism have not been well documented. In our present

tudy, we assessed the effects of LPNS in a radiation-induced mouse

odel of osteoporosis and found that LPNS suppressed radiation-

nduced osteoporosis by regulating bone formation and resorp-

ion. Additionally, this study confirmed that radiation could induce

steoporosis.

Rana et al., (2012) reported that mice lacking Nrf2 exhibited

reater bone loss after radiation exposure compared to wild-type

ice, in which the bone volumes remained unchanged. However,

amilton et al., (2006) reported significant bone loss in 9-week-

ld mice. Such seemingly contradictory data may result from dif-

erent sources of radiation being used in different studies. The cur-

ent study utilized only one dose of radiation (60Coγ ; 1.0 Gy/min,

min), and showed it produced a significant decrease in the bone

ineral density of irradiated mice, which was in agreement with re-

ults in a previous study (Hamilton et al., 2006). Additionally, admin-

stration of LPNS significantly reversed the decrease in bone mineral

ensity. With regard to bone metabolic markers, both bone forma-

ion and the bone resorption index were used to investigate possible
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Fig. 3. Effects of LPNS on the progenitors (CD117+ cells) and precursors (CD117+/RANKL+ cells and CD71+/CD115+ cells) of osteoclasts in radiation-induced osteoporosis mice model.

Values are means ± SEM (n = 10). ∗∗ , p < 0.01; ∗ , p < 0.05; compared with the group of 0 mg/kg.day. FSC, forward scatter; Counts, the number of cells.

Fig. 4. Effects of LPNS on the mRNA levels of ATP6i and TRAP in radiation-induced

osteoporosis mice model. Values are means ± SEM (n = 10). ∗∗ , p < 0.01; ∗ , p < 0.05;

compared with the group of 0 mg/kg.day.
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echanisms of LPNS activity. AKP activity is recognized as an im-

ortant marker of bone formation (Zhang et al., 2009), and our data

howed that LPNS improved serum AKP activity in the irradiated

ice. CFU-F numbers, which reflect the numbers of circulating os-

eoblast precursors, were also increased by LPNS. Additionally, the
RNA levels for RUNX2 (an osteoblast-specific transcription factor)

nd osteoprotegerin (a RANKL antagonist) were elevated by LPNS.

his indicated that bone formation in the radiation-induced osteo-

orosis mouse model was accelerated by LPNS. Furthermore, our re-

ults showed that the numbers of CD117+ cells, which are considered

o be osteoclast progenitor cells (Jacome-Galarza et al., 2013), were

ncreased in the irradiated mice by administration of LPNS. However,

he numbers of CD71+/CD115+ cells and CD117+/RANKL+ cells, which

re considered to be osteoclast precursor cells (Jacquin et al., 2006),

ere reduced by LPNS administration. These results indicate that

hile LPNS increased the numbers of osteoclasts progenitor cells, it

nhibited their subsequent differentiation into osteoclast precursor

ells. Moreover, LPNS decreased the mRNA levels of TRAP and ATP6i,

hich are classic markers of bone resorption. Levels of both TRAP and

TP6i were significantly increased in the irradiated mice, further sug-

esting that LPNS inhibited bone resorption in radiation-induced os-

eoporotic mice.

Bone homeostasis is maintained by the synchronous differentia-

ion of osteoblasts and activation of osteoclasts, and a change in this

alance of activity can result in pathologic changes in the bone. A

ecreased number osteoblasts and an abnormally high level of osteo-

last activity can result in bone loss. We directly detected the effects

f LPNS on the differentiation of BMSCs and BMNCs into osteoblasts
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Fig. 5. Effects of LPNS on the differentiation of BMSCs into osteoblasts in vitro. BMSCs were cultured in osteogenic induction medium and simultaneously treated with various

concentrations of LPNS (0, 50, 100, and 200 mg/l). (A) The proliferation rate was assessed after 24, 48 and 72 h by MTT assay. The activities of AKP (B) and the Alizarin Red S

staining(C) were assessed in the cells formed from BMSCs following treatment with LPNS. Values are means ± SEM. ∗∗ , p < 0.01; ∗ , p < 0.05; compared with the group of 0 mg/l.
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and osteoclasts, respectively. We found that LPNS promoted BMSC

proliferation and also increased both AKP activity, and the levels of

RUNX2 and OPG. Additionally, LPNS increased calcium nodule for-

mation in the differentiated cells. On the other hand, flow cytome-

try analyses showed increased numbers of CD45+/CD71/+CD115+ cells

following administration of LPNS. LPNS did not affect the levels of

TRAP and ATP6i, the staining of TRAP, or the bone resorption activ-

ity shown by differentiated osteoclasts. These findings indicate that

while LPNS significantly increased the numbers of osteoclast pre-

cursor cells, it had no effect on the bone resorption capacity of os-

teoclasts. These in vitro findings suggest that LPNS exerts antiosteo-

porotic effects by regulating the balance between bone formation and

resorption.

P. notoginseng saponins have been shown to produce a myriad

array of pharmacological effects, including anti-oxidative and anti-

inflammatory responses (Ningna et al., 2014). Inflammation is be-

lieved to play an important role in radiation-induced responses (Zhao

and Robbins, 2009). In the present study, we found that exposure to

radiation increased the levels of IFN-γ , TNF-α, IL-6, and IL-17, and
ecreased the levels of IL-10. IL-10 is a negative regulator of inflam-

atory cascades which inhibit bone resorption (Hong et al., 2000),

hile the other four factors are positive regulators which are capa-

le of stimulating osteoclastic bone resorption (Abdelmagid et al.,

014). Furthermore, we found that LPNS decreased the levels of the

our positive regulators and increased the levels of a negative regula-

or. The levels produced by LPNS might be involved in the impaired

one resorption caused by radiation. However, when compared with

he irradiated mice which had not received LPNS, the levels of IL-2

till showed a non-significant decreasing trend but the levels of IL-4

howed a non-significant increasing trend in irradiated mice which

ad received LPNS. IL-4 is an anti-osteoclastogenic factor which is

enerated by T cells (D’Amelio et al., 2008a), while IL-2 is one of the

ain reasons of decreased bone mineral density and bone formation

Abdelmagid et al., 2014). Therefore, the sample size of the radiation-

nduced mice model will be expanded, and the effects of LPNS on the

evels of IL-2 and IL-4 still to be investigated in the future study.

In conclusion, we demonstrated that LPNS can reverse osteo-

orosis in a radiation-induced mouse model, and that LPNS exhibits
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Fig. 6. Effects of LPNS on the protein levels of RUNX2 and OPG in the cells formed from

BMSCs following treatment with LPNS (0, 50, 100 and 200 mg/l). (A) Representative

western blot of RUNX2 and OPG. (B) Quantification (fold changes) of the Western blots.

Values are means ± SEM. ∗∗ , p < 0.01; ∗ , p < 0.05; compared with the group of 0 mg/l.

Fig. 7. Effects of LPNS on the CD45+/CD71+/CD115+ cells following treatment of BMNCs

with the medium containing M-CSF (10 ng/ml), RANKL (50 ng/ml) and LPNS (0, 50, 100

or 200 mg/l). Values are means ± SEM. ∗∗ , p < 0.01; ∗ , p < 0.05; compared with the

group of 0 mg/l.

Fig. 8. Effects of LPNS on the staining of TRAP (A) or bone resorption activity (B) in

the cells following treatment of BMNCs with the medium containing M-CSF(10 ng/ml),

RANKL (50 ng/ml) and LPNS (0, 50, 100 or 200 mg/l).
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otential antiosteoporotic properties when tested in osteoblasts and

steoclasts in vitro. These results suggest the total saponins extracted

rom the leaves of Panax notoginseng (a traditional Chinese medici-

al plant), warrant further investigation as a potential agent to treat

adiation-induced osteoporotic disease.
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